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Abstract：The supercritical carbon dioxide extraction of volatile oil from processed cortex phellodendri was
optimized by response surface methodology （RSM ） . According to the principle of Box-Behnken central
composite design，extraction pressure，extraction temperature，extraction time were chosen as response
factors，extraction mass was chosen as response value，and a three-factor and three level central composite
design was adopted to determine the influence of various technological conditions. Using SEM observed the
cortex phellodendri before and after extraction，and explained the extraction effects from microcosmic aspect.
The results showed that the optimum extraction conditions were as follows：extraction pressure 34MPa，
extraction temperature 41℃，extraction time 66min，extraction yield was 6.03％.
Key words：supercritical carbon dioxide extraction；cortex phellodendri；volatile oil；response surface methodology；
SEM






























































+1 35 50 90
0 30 40 60
-1 25 30 30
表3 回归方程方差分析表
Table 3 Analysis of variance of each item of mathematical regression model
方差来源 总和 自由度 均方 F值 P值 显著性
模型 67.759888 9 7.5288765 251.56150 <0.001 ***
A 40.6802 1 40.680200 1359.2430 <0.001 ***
B 1.08045 1 1.0804500 36.100955 0.005 **
C 2.4642 1 2.4642000 82.336038 <0.001 ***
AB 2.146225 1 2.1462250 71.711575 <0.001 ***
AC 0.69722500 1 0.69722500 23.296301 0.019 *
BC 0.11222500 1 0.11222500 3.7497613 0.094
A2 10.362007 1 10.362007 346.22456 <0.001 ***
B2 6.4610592 1 6.4610592 215.88265 <0.001 ***
C2 1.8550066 1 1.8550066 61.981127 0.001 **
残差 0.20950000 7 0.029928571
失拟项 0.064900000 3 0.021633333 0.59843246 0.649 不显著




Table 2 Design and results of central composite experiment
实验号 A B C Y 萃取量（g）
1 -1 -1 0 13.28
2 1 -1 0 16.34
3 -1 1 0 11.12
4 1 1 0 17.11
5 -1 0 -1 11.73
6 1 0 -1 17.06
7 -1 0 1 13.85
8 1 0 1 17.51
9 0 -1 -1 15.12
10 0 1 -1 14.68
11 0 -1 1 16.39
12 0 1 1 15.28
13 0 0 0 17.11
14 0 0 0 17.54
15 0 0 0 17.38
16 0 0 0 17.09
17 0 0 0 17.23
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Fig.4 SEM image of phellodendron before extracted（1500×）
图5 未使用超声-微波处理的黄柏萃取后的扫描电镜图（1500×）
Fig.5 SEM image of unprocessed cortex phellodendri by
ultrasonic and microwave after SFE extracted（1500×）
图6 超声-微波处理过的黄柏萃取后的扫描电镜图（1500×）
Fig.6 SEM image of processed cortex phellodendri by
ultrasonic and microwave after SFE extracted（1500×）
图1 萃取压力和萃取温度对萃取量的响应面分析
Fig.1 Response surface analysis for interactive effects of extraction






















Fig.2 Response surface analysis for interactive effects of






















Fig.3 Response surface analysis for interactive effects of

















































[9] YIN Jian zhong，WANG Aiqin，WEI Wei，et al. Analysis of
the operation conditions for supercar I tical fluid extraction of
seed oil[J]. Separation and Purification Technology，2005，43（2）：
163-167.
[10] Serap Ozcan，et al. A response surface analysis of commercial
corn starch annealing[J]. Cereal Chemistry，2003，80：241-243.
[11] 侯伟伟，郑灿龙，逄焕明，等 . 响应面法优化超临界CO2萃
取杏香气成分的工艺参数[J]. 食品工业科技，2011（2）：264-265.
[12] 胡爱军，罗登林，丘泰球 . 超声强化超临界流体萃取机理
的研究[J]. 高校化学工程学报，2005，19（5）：583-587.

































[1] 中国药典委员会. 中国人民共和国药典[M]. 一部. 北京：化
学工业出版社，2005：193-194.
























1.5h 4.5h 9h 1.5h 4.5h 9h
空白POV（%） 0.15 0.20 0.19 0.064 0.090 0.078
加柠檬酸后POV
降低率（%） 6.67 0.00 11.76 8.89 1.28
加VC后POV降低率
（%） 13.33 5.26 15.80 14.06 15.56
加黄酮提取物后
POV降低率（%） 6.67 15.00 21.05 4.69 3.33 8.33
注：POV降低率（%）={[POV（%）空白样-POV（%）被测样]/POV
（%）空白样}×100%。
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